The binding assay of prolactin (PRL) to the receptor in the rabbit mammary gland was carried out with varying concentrations of NaCl, KCl, CaCl2, MgCl2, glycerol, glucose, sucrose and urea. The agents did not affect the binding capacity. The ionic bond-breaking agents (NaCl and KCl) had little effect on changes in the association rate constant (k+1) of PRL binding to the receptor and the dissociation rate constant (k_1) of bound PRL. The inclusion of other agents changed the k+1 and the k-1. Among the agents examined, chaotropic salts (CaCl2 and MgCl2) inhibited the binding of PRL greatly, and were the most effective in decreasing the k+1. Both hydrogen-and hydrophobic bonds are involved in the interaction between PRL and the receptor.
Prolactin (PRL) mediates its diverse physiologic actions by interacting with a membrane receptor of the target tissue (Nagasawa et al., 1979; Shiu and Friesen, 1980) . The interaction between PRL and the receptor is a chemical reaction, and the PRL binding to the receptor is influenced by ions and their ionic strength (Shiu and Friesen, 1974; Haro and Talamantes, 1985) . The present experiments are designed to clarify the chemical interactions between PRL and the receptor using environmentmodifying agents. The introduction of an agent changes the reaction environment, and can thus affect the interaction of PRL with its receptor. The effect of an agent on the association of PRL to its receptor was monitored by a change in the association rate constant (k+1). The bound PRL dissociates from the rabbit mammary gland receptor (van der Gugten et al., 1980) . After an agent was introduced, however, some portions of bound PRL dissociated rapidly and the remainder dissociated slowly (Kelly et al., 1980; Haro and Talamantes, 1986) . To avoid these problems, the agents were included in the reaction mixture from the start, and the dissociation rate constant (k-1) of bound PRL was determined from the data for time-course kinetics and equilibrium binding. Bivalent salts inhibited the binding of PRL in a linear fashion. At 1 M, the amount was less than 20% of the control.
At low concentrations of CaCl2, the amount of specific binding increased slightly as compared to the control. Fig.  1 (B) shows the effect of the hydroxy-rich agents (glycerol, glucose, and sucrose) and urea on the binding of PRL. In the presence of 0, 0.25, 0.5 or 0.75 M sucrose, the profiles of PRL binding were quite similar to each other. But an increase in PRL Effects of agents on k+1 and k-1 The values for k+1, k-1, and Ka, obtained in the presence of various agents, are listed in Table 1 . These agents did not affect the receptor concentration. The agents decreased the k+1 and increased the k_1 to a greater or lesser degree.
In case of the non-ionic agents, the potency of sucrose was similar to that of urea, and the order of potency appears to be as follows: sucrose, urea>glucose>glycerol.
In case of the ionic agents, NaCl and KCl had minimal effects on changes in the k+1 and k-1, whereas CaCl2 and MgCl2 had maximal effects in decreasing the k+1. Table  1 shows that both sucrose and urea changed the k-1 much more than the k+1, whereas CaCl2 and MgCl2 changed the k+1 much more than the k-1. Depending on the type, the agents modulated the interaction between PRL and the receptor in a different manner. The Kd values, estimated from the k-1/k+i, were identical to those obtained by the Scatchard analysis. with no changes in the receptor concentration. Changes in the Kd were agent-and concentration-dependent, and were determined by the k-1/k+1. Thus, the effect of agents on PRL binding can be assessed from changes in the k+1 and the k-1. Because of an unusually slow dissociation, the amount of specific binding appears to correlate with the change in the k+1 induced by the agents.
NaCl or KCl breaks ionic bonds between macromolecules. However, both monovalent salts had no or little effect on the binding of PRL. Similar results were reported for the rabbit mammary (Shiu and Friesen, 1974) and mouse liver PRL receptor (Liscia and Vonderhaar, 1982) . Monovalent salts changed the k+1 and the k-1 little compared to the control, indicating that ionic bonding is less important in PRL binding than other forces. On the other hand, the binding of FSH, LH and TSH to their receptors was inhibited by monovalent salts (Amir et al., 1973; Anderson and Reichert, 1984; Buettner and Ascoli, 1984; Gospodarowicz, 1973) . The amount of specific binding was reduced in the presence of hydroxy-rich agents. The potency appears to be proportional to the number of the hydroxy group in the molecule. Urea also produced an inhibiting effect similar to the inhibition of hCG binding to corpus luteum (Haour and Saxena, 1974) and insulin binding to liver (Cuatrecasas, 1971) . These non-ionic compounds are known to break hydrogen bonds between macromolecules (Fujita et al., 1980) . Among the agents examined, sucrose and urea increased the dissociation rate of bound PRL greatly. CaCl2 and MgCl2 were the most effective in inhibiting PRL binding and increasing the Kd.
We confirmed the findings of Shiu and Friesen (1974) . Ca2+ and Mg2+ are chaotropic cations (Robinson and Jencks, 1962) , and destroyhydrophobic bonds by disrupting the structure of water (Hatefi and Hanstein, 1974) . As shown here, both bivalent salts were more effective in decreasing the k+1 than the other agents that primarily break ionor hydrogen bonds. Recently the importance of the hydrophobic effect in FSH binding has been reported by Sanborn et al.,(1987) . The kinetics data suggest that hydrophobic bonding is the most important force participating in the binding of PRL, and that the reaction is complex and may consist of more than one step. Similar data were reported in the interaction of FSH and insulin with their receptors (Anderson et al., 1983; Waelbroeck et al., 1979) . Extensive work is clearly required to refine the modeling of the PRL-receptor interaction.
